Recent studies show that with reduced-intensity and nonmyeloablative conditioning regimens, allogeneic hematopoietic cell transplantation can now be performed with relative safety in patients with acute myeloid leukemia up to 75 years of age, and therefore chronologic age itself should no longer be considered a contraindication for this procedure. Best results are generally seen in patients undergoing transplant during first remission. Results appear superior to what might be expected with conventional chemotherapy but prospective randomized trials have not been completed. If a decision is made to delay transplant until first relapse, a careful monitoring plan should be established.
Learning Objectives
Upon completion of this activity, participants will be able to:
• Describe the diagnosis of AML among older adults • Evaluate the efficacy of reduced-intensity HCT among older adults with AML • Analyze variables associated with worse prognosis of reduced-intensity HCT among older adults with AML • Distinguish advantages of reduced-intensity HCT among older adults with AML increases with age, with a median patient age of 67 years at diagnosis, according to SEER statistics (www.seer.cancer.gov). The biology of AML differs between older and younger patients, with an increased incidence of antecedent myelodysplasia, a greater proportion of poor-prognosis cytogenetics, and higher expression of multidrug-resistant glycoprotein MDR1. [1] [2] [3] [4] Patients older than 60 years and those with comorbid conditions are usually treated with less-intense regimens because of their presumed inability to tolerate multiple cycles of high-dose chemotherapy. The combination of less-intensive therapy and inherently more resistant disease results in a very poor prognosis. 5, 6 A recent retrospective analysis including 2444 patients with AML, aged 60 years or older, treated on several SWOG, ECOG, and MD Anderson Cancer Center protocols between 1976 and 2004, reported a 5-year overall survival rate of 7%. 7 The application of allogeneic hematopoietic cell transplantation (HCT) to patients with AML in this age group had previously been limited by high rates of transplantrelated mortality (TRM) caused by toxicities from high-dose conditioning regimens. 8, 9 The development of reduced-intensity and nonmyeloablative conditioning regimens now allows for the study of allogeneic HCT in older and medically less-fit patients. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] These approaches rely on graft-versusleukemia (GVL) effects for leukemia eradication. Preliminary studies have yielded encouraging results, but inherent selection bias and the lack of prospective randomized trials have caused the true impact of allogeneic HCT for this patient population to be uncertain. This article provides an overview of reduced-intensity and nonmyeloablative conditioning allogeneic HCT in older patients with AML, with particular emphasis on disease-and patientrelated factors influencing outcomes.
Biology of AML in Older Adults
The prognosis of AML worsens with increasing age. This is partly because older patients receive less-intense treatment because of their perceived decreased tolerance to intensive therapy. However, disease characteristics of AML also change with patient age. In patients older than 60 years, AML is more often preceded by antecedent hematologic disorders, presents with lower WBC counts and a lower percentage of marrow blasts, 23 and is more often associated with the expression of multidrug resistance phenotypes. 1, 24 Perhaps the most striking difference between younger and older patients is in the distribution of cytogenetic abnormalities. Multiple studies note a high incidence of unfavorable cytogenetic abnormalities among older patients with AML. The United Kingdom Medical Research Council (MRC) observed a marked increase in the incidence of complex aberrant karyotypes and abnormalities of chromosome 5 in older patients, 24 whereas Moorman et al. 2 reported a marked increase in deletions of all types with increasing age, particularly deletions of chromosomes 5 and 7. Similarly, a report from SWOG showed an increased proportion of patients with unfavorable risk cytogenetics with every 10-year increase in age, and a relative rarity of favorable-risk cytogenetics in older patients with AML. 23 Several groups have observed that within each cytogenetic risk group, treatment outcomes deteriorated markedly with age, emphasizing that the poor outcomes observed among older patients with AML are not merely from the increased incidence of unfavorable cytogentics. 23, 25, 26 Delaunay et al. 27 reported that among 110 patients with inv(16)/t(16;16) AML, advanced age was associated with a higher risk of relapse and worse diseasefree survival.
Nontransplant Treatment of AML in Older Adults: Prognostic Factors and Outcomes
The decision whether to offer allogeneic HCT to a patient with AML should involve, among other considerations, the assessment of outcomes with standard consolidation therapy. Although long-term remission rates with chemotherapy may approach 40% in some groups of adult patients, the standard chemotherapy approach is less successful in patients older than 60 years. With moderate-dose combinations of daunorubicin and cytarabine, only 10% to 15% of patients older than 60 years are expected to be living 5 years after diagnosis. Kantarjian et al. 28 reported the outcomes of 998 patients aged 65 years or older (median age, 71 years) who had AML or high-risk myelodysplastic syndromes (MDS; > 10% blasts) treated with intensive chemotherapy be-tween 1980 and 2004. The complete remission rate was 45%, whereas induction mortality was 29%. The median survival was 5.4 months, with 2-and 5-year survival rates of 16% and 7%, respectively. In multivariate analysis, factors predictive of early mortality and shorter overall survival included older age, poor performance status, unfavorable risk cytogenetics, longer duration of antecedent hematologic disorder, abnormal organ functions, and treatment outside laminar airflow room.
The MRC AML 11 trial randomized 1071 patients with newly diagnosed AML aged 60 years or older to receive 2 induction courses containing cytarabine and an anthracycline or anthracenedione, with or without thioguanine or etoposide. 29 Patients experiencing complete remission received either 1 or 3 consolidation courses, with or without interferon maintenance, for 1 year. Survival rates at 1 and 3 years were 37% and 15%, respectively. Based on this patient population a prognostic risk index was developed, which was validated using data from the Leukaemia Research Fund AML14 trial. Cytogenetic risk group, age, WBC count, performance status, and AML origin (de novo vs. secondary) were found to have statistically significant impact on overall survival in multivariate analysis.
Earlier studies of AML in patients older than 60 years used attenuated doses of anthracyclines (daunomycin at 45-50 mg/m 2 for 3 days with standarddose cytarabine) because studies from the early 1980s showed increased early mortality with higher doses. However, major improvements in supportive care, including the use of highly effective antiemetics, antibiotics, antifungals, and myeloid growth factors, have changed practice. The weight loss, debility, erosive esophagitis, and aspiration pneumonia once common with induction chemotherapy in older patients are now of low frequency. Thus, more recent studies have explored higher-dose chemotherapy in this population.
For example, Lowenberg et al. 30 recently compared standard-dose cytarabine plus daunomycin at either 45 or 90 mg/m 2 /d for 3 days as induction for patients older than 60 years with AML. The higher dose of anthracycline was associated with a higher complete remission rate (64% vs. 54%; P = .002) and improved survival at 2 years for those aged 60 to 65 years (38% vs. 23%; P < .001). 30 A recent analysis by the German Acute Leukemia Cooperative Group included 1284 patients with de novo AML, of whom 764 were older than 60 years. 31 Patients were randomly assigned to induction with either a standarddose (cytarabine, daunorubicin, and 6-thioguanine) or a high-dose (cytarabine and mitoxantrone) combination, or with 2 courses of high-dose combination, which was followed by uniform postremission chemotherapy in both groups. The 4-year overall survival in patients younger and older than 60 years was 37% and 16%, respectively, regardless of the intensity of the induction therapy. The strongest factors with an impact on survival were karyotype, age, and marrow blast percentage at day 16. In addition, patients with normal karyotype were stratified according to NPM1 and FLT3-ITD mutation status. In this large group (n = 670), the most important risk factors predicting improved survival were the sole mutation of NPM1, low day 16 marrow blast count (< 10%), and younger age. Patients older than 60 years had inferior survival compared with younger patients in all prognostic subgroups. However, older patients with normal karyotype and a sole NPM1 mutation (NPM1+/FLT3-ITD-) had an approximately 40% 4-year survival. The recent results from Lowenberg et al., 30 Buchner et al., 31 and others 32,33 confirm the fact that the outcome of chemotherapy for older patients is far from satisfactory, but with intensive therapy some subgroups may have a reasonable expectation for survival several years from diagnosis.
Reduced-Intensity and Nonmyeloablative Allogeneic HCT in Older Adults

General Considerations
The observation that patients with graft-versus-host disease (GVHD) after allogeneic HCT had decreased relapse rates led to the recognition that allogeneic hematopoietic cells not only restore hematopoiesis but also impose immunologic GVL effects, resulting in subsequent cure of malignant diseases. [34] [35] [36] The hypothesis that GVL effects alone have the potential to eradicate malignant disorders led to the development of various conditioning regimens of lower intensity over the past 20 years. These studies show that durable engraftment can be attained with appropriate peritransplant immunosuppression. Investigators at MD Anderson Cancer Center used purine nucleoside analogue-based regimens followed by allogeneic HCT for the treatment of hematologic malignancies.
37,38 Slavin et al. 39 reported a regimen consisting of fludarabine, busulfan, and antithymocyte globulin (ATG) in a group of younger patients with both hematologic malignancies and genetic disorders. Spitzer et al. 40 evaluated the use of cyclophosphamide, ATG, and thymic irradiation in patients undergoing bone marrow transplantation from human leukocyte antigen (HLA)-matched donors. Using the canine model of allogeneic HCT, a low-dose total body irradiation (TBI)-based preparative regimen was developed at the Fred Hutchinson Cancer Research Center (FHCRC). 41 To prevent graft rejection and increase pretransplantation host T-cell immunosuppression, 30 mg/m 2 of fludarabine was added to the conditioning regimen of 2 Gy TBI. Postgrafting immunosuppression consisted of cyclosporine and mycophenolate mofetil (MMF).
The spectrum of intensity of some commonly used regimens is shown in Figure 1 . Regimens can be placed in 3 general categories: myeloablative, which cause irreversible marrow aplasia if transplantation is not performed; nonmyeloablative, which cause minimal marrow suppression; and reducedintensity conditioning, which cause cytopenias of intermediate duration. 42 Currently, no prospective comparisons of the different reduced-intensity and nonmyeloablative regimens have been published. However, compared with high-dose preparative regimens, nonmyeloablative and reduced-intensity conditioning regimens are associated with shorter inpatient hospital stays, reduced need for transfusions, 43 and a shorter duration of neutropenia with fewer bacterial infections. [44] [45] [46] The adoption of lesstoxic conditioning regimens has expanded the number of patients eligible to undergo HCT to include those previously excluded because of age or comorbidities. The number of transplants performed in patients older than 50 years increased more than in any other age group between 1999 and 2009 ( Figure  2 ), and currently patients in their mid-to late 70s can be considered for allogeneic HCT.
Outcomes in Patients With AML
Encouraging results of various nonmyeloablative and reduced-intensity conditioning regimens have been reported. McClune et al. 47 analyzed Center for International Blood and Marrow Transplant Research (CIBMTR) data on 1080 patients older than age 40 with AML in first complete remission or MDS who underwent reduced-intensity or nonmyeloablative conditioning followed by related or unrelated donor HCT between 1995 and 2005. Four age groups of patients were studied: 40 to 54 years, 55 to 59 years, 60 to 64 years, and older than 64 years. Among the 545 patients with AML, nonrelapse mortality (NRM) at 2 years ranged from 22% to 34%, although 2-year relapse rates for the 4 AML age-groups were 33%, 34%, 37%, and 33%, respectively, resulting in 2-year disease survival rates of 44%, 50%, 34%, and 36% in the 4 respective age groups. The differences among relapse, NRM, and overall survival were not statistically significant among the studied age groups. Obvious selection bias inherent to these retrospective studies may limit the interpretation of results, but the 
Non-Ablative
Intensity of the Preparative Regimen
Reduced-Intensity Ablative data still imply that allogeneic HCT after reducedintensity or nonmyeloablative conditioning can result in long-term survival in a substantial number of older patients, in whom nontransplant approaches have historically yielded poor outcomes. Mohty et al. 12, 48 recently updated results of the first prospective trial directly comparing reducedintensity allogeneic HCT with consolidation chemotherapy in patients with AML using "genetic allocation." Ninety-five consecutive patients with high-risk AML in first complete remission were enrolled and underwent either reduced-intensity conditioning HCT from an HLA-identical sibling donor if such a donor could be identified, or consolidation therapy if not. In an intention-to-treat analysis, the leukemia-free survival was superior in the donor group (60% vs. 23% at 7 years; P = .003). Few other prospective studies have compared transplantation with chemotherapy in this age group, and virtually no randomized comparisons of preparative regimens are available. Among the published phase II trials, leukemia relapse remained consistently the main cause of treatment failure after reduced-intensity or nonmyeloablative conditioning, with 2-to 4-year relapse rates ranging from 30% to 61%.
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Influence of Disease-Related Factors on Outcomes
A multicenter study from the FHCRC/Seattle Consortium included 274 patients (median age, 60 years) with de novo or secondary AML who underwent allogeneic HCT from related or unrelated donors after conditioning with 2 Gy TBI with or without fludarabine (90 mg/m 2 ). 49 A calcineurin inhibitor and MMF were used for postgrafting immunosuppression. This approach relies almost exclusively on GVL effects in patients with AML, because the conditioning regimen itself has minimal anti-leukemic activity. With a median follow-up of 38 months in surviving patients, the estimated 5-year overall survival, relapse/progression, and nonrelapse mortality rates were 33%, 42%, and 26%, respectively. 45, 46 Patients in first and second complete remission had better survival rates than those with more advanced leukemia (37% and 34% vs. 18%, respectively; Figure 3A ). Unfavorable cytogenetic risk was associated with increased risk of relapse and inferior survival ( Figure 3B ). As seen with other reduced-intensity conditioning regimens, despite an encouraging number of long-term leukemia-free survivors, AML relapse remained the major cause of treatment failure after HCT. Most relapses occurred early, with the median time being 84 days. The 6-month and 1-year relapse rates were 31% and 35%, respectively. Using this dataset, Cox regression was used for multivariate analysis of risk factors for relapse in the subgroup of patients with AML in morphologic leukemia-free state at HCT. Cytogenetic risk status, disease stage (i.e., remission state), and time between diagnosis and HCT were significantly associated with relapse and overall mortality, whereas age, AML origin (de novo vs. secondary), donor type, and the presence of minimal residual disease did not have statistically significant impact on outcomes. In this study, the presence of minimal residual disease was not identified as an independent risk factor, probably because of its close association with unfavorable cytogenetics. In a separate time-dependent analysis, the development of acute GVHD did not influence relapse, whereas the presence of chronic GVHD was associated with decreased relapse rates.
The impact of pretransplant remission status on post-HCT relapse and survival was also observed by other investigators. Shimoni et al. 17 reported outcomes of reduced-intensity conditioning with fludarabine and busulfan (in combination with antithymocyte globulin when patients had unrelated or HLA-mismatched donors). The 2-year overall survival was 93% among 15 patients with high-risk AML experiencing first complete remission (median age, 57 years) given reduced-intensity conditioning; none experienced NRM. In contrast, patients with active disease (defined as chemorefractory or previously untreated with > 10% bone marrow blasts at HCT) had poor outcomes with reduced-intensity conditioning because of high post-HCT relapse rates. Similarly, a retrospective study of 113 patients with AML (median age, 51 years) undergoing reducedintensity conditioning with fludarabine and busulfan (n = 93) or TBI (4-8 Gy; n = 20) followed by HCT from related or unrelated donors, reported by the Cooperative German Transplant Study Group, showed a 2-year event-free survival of 52% for patients in first complete remission.
10 Patients in second complete remission had a 40% event-free survival rate at 2 years, whereas fewer than 20% of those with more advanced leukemias were alive at 2 years.
Overall, reports of reduced-intensity and nonmyeloablative conditioning regimens show that this approach is feasible and can result in long-term survival of a substantial number of older patients with AML, with particularly encouraging results in those undergoing HCT in first complete remission.
Influence of Patient-Related Factors on Outcomes
Age: A recent, large retrospective analysis of patients aged 40 to 54 years, 55 to 59 years, 60 to 64 years, or older than 64 years from the CIBMTR did not show statistically significant differences in relapse, NRM, or overall survival in 545 patients with AML under- going reduced-intensity or nonmyeloablative conditioning followed by HCT from related or unrelated donors. This observation was supported by another retrospective registry study from the European Group for Blood and Marrow Transplantation (EBMT), which included 1333 patients with MDS (median age, 56 years) undergoing related or unrelated donor HCT. Of these patients, 41% had secondary AML (patients previously classified as RAEB-t who fulfill WHO diagnostic criteria for AML); 500 patients (38%) underwent standard high-dose conditioning, whereas 833 patients received reduced-intensity conditioning. Estimated 4-year overall survival was 31% for the whole cohort, whereas it was 34% and 27% for patients aged 50 to 60 years and older than 60 years, respectively (P = .23). As expected, NRM was lower in patients undergoing reduced-intensity conditioning than in those undergoing high-dose conditioning (32% and 44%, respectively; P = .05). In contrast, patients undergoing reduced-intensity conditioning had a higher relapse rate than those receiving highdose conditioning (41% vs. 33%; P < .01).
In a multivariate analysis, patient age did not show statistically significant association with overall survival, NRM, or relapse. The intrinsic selection bias in these studies is obvious and is acknowledged by the authors; however, important patient characteristics, such as the presence of comorbid conditions, were not captured by the analysis, but likely impact the decision whether to proceed with allogeneic HCT and, if so, what conditioning regimen to use. Nevertheless, the data show that age alone should not be considered a contraindication to allogeneic HCT. Comorbid Conditions: The development of reduced-intensity and nonmyeloablative conditioning regimens enables older, less fit, and more heavily pretreated patients to undergo allogeneic HCT. Although this procedure has curative potential, its application is limited by treatment-related complications, such as regimen-related toxicities, infections, and GVHD, which can culminate in increased NRM rates, especially in older or less-fit patients. Comorbid conditions can affect patient outcomes, especially in patients with cancer, in whom antitumor interventions generally have a narrow therapeutic window. Therefore, systematically assessing the presence of these conditions is helpful when evaluating the risk-benefit ratio of a particular intervention, such as allogeneic HCT.
Integrating the assessment of comorbidities into clinical trials will likely be useful, because comorbid conditions can affect and sometimes independently predict outcomes.
Several comorbidity scales have been developed to rate the impact of different comorbid conditions on outcomes. Because the impact of different comorbid conditions is not the same, they are weighted differently, according to their severity and the magnitude of their impact. The most studied comorbidity index is the Charlson's Comorbidity Index (CCI), 50 ,51 which has been used to predict mortality in various medical conditions, including hematologic malignancies and solid tumors. Sorror et al. 52 modified the CCI for use in the context of allogeneic HCT to capture additional parameters more relevant in this setting. This scoring system, the HCT comorbidity index (HCT-CI), seemed to be more sensitive than the standard CCI to assign patients with pretransplant comorbid conditions into risk groups and predict NRM and survival. In the HCT-CI, 17 different categories of comorbidities are considered and each given a weighted score; the sum of the scores is then used to predict outcome (Table 1) . Initial studies showed that with increasing HCT-CI scores, NRM increases and survival drops. 53, 54 The most notable changes appeared once the HCT-CI rose above 3.
The HCT-CI was evaluated among 341 older patients (median age, 54 years) undergoing nonmyeloablative HCT for various hematologic malignancies in conjunction with the Karnofsky performance status score (KPS). 54 This retrospective study found that both HCT-CI scores and KPS independently predicted toxicities, NRM, and overall mortality, whereas the 2 measures only weakly correlated with each other, indicating that these tools assessed different aspects of a patient's health status. In addition, no correlation was found between increasing age and either higher comorbidity scores or lower performance status, likely because of selection bias in referring and accepting patients for HCT.
An alternative predictive index of outcome after allogeneic HCT is the Pretransplant Assessment of Mortality (PAM). 55 This pre-HCT score incorporates 8 pretransplantation clinical variables: patient age, donor type, disease risk, conditioning regimen, FEV1, carbon monoxide diffusion capacity, serum creatinine level, and serum alanine aminotransferase concentration, and, like the HCT-CI, the PAM score was found to be a very powerful predictor of survival at 2 years after HCT. Although the PAM score includes information about the form of treatment used, the HCT-CI is based solely on comorbidities and therefore might be more appropriate for assigning patients to specific therapies. The PAM might be more useful for informing patients of their risk based on a certain therapy. Donor: Traditionally, the preferred donor for allogeneic HCT has been an HLA-identical sibling, but only 15% to 30% of patients referred for allogeneic HCT have suitable HLA-identical sibling donors. For patients without these donors, HLA-matched unrelated donors may be an alternative. The likelihood of identifying an HLA-matched unrelated donor varies with the patient's specific HLA alleles and ethnicity, which relates to HLA diversity and the number of registered potential donors. A recent retrospective analysis showed that when compared with nonmyeloablative HCT from HLA-identical related donors, transplantation from HLA-matched unrelated donors did not increase the risk of NRM and overall mortality. 49 The chronologic age of unrelated donors seems to have little, if any, impact on outcome.
Although unrelated donor registries have undergone substantial growth over the past years, suitable donors are unable to be identified for approximately 30% to 40% of Caucasian recipients and more than 60% of African-American patients. In these cases, HLA-mismatched unrelated donors represent an alternative source of hematopoietic graft. The use of HLA class I-mismatched donors in the nonmyeloablative setting was investigated by Nakamae et al. 56 and HCT from these donors were found to be curative, but the observed 69% of grade II to IV acute GVHD and 47% cumulative probability of NRM were higher than those observed in the HLAmatched unrelated donor setting.
For patients lacking suitable HLA-matched unrelated donors, additional alternative stem cell sources are potentially available: umbilical cord blood and HLA-haploidentical family members, both of which are being actively explored in the reduced-intensity and nonmyeloablative setting.
Quality of Life After Allogeneic HCT
Various studies have addressed health-related quality of life (QOL) changes during and after allogeneic HCT after reduced-intensity conditioning in older patients. [57] [58] [59] Although of limited size, these studies consistently showed that physical function returned to pretransplant level in most survivors of reduced-intensity conditioning and nonmyeloablative allogeneic HCT by 1 year. Two of these studies compared recovery after reduced-intensity and highdose conditioning regimens. Bevans et al. 58 found that at 2 years all survivors reported similar or better health-related QOL than at baseline, regardless of conditioning intensity. Similarly, Andersson et al. 59 found no significant differences in global QOL at 1 year for patients treated with either reduced-intensity or high-dose preparative regimens; however, the reduced-intensity group regained health and QOL faster than patients undergoing myeloablative conditioning. As expected, most symptoms occurring beyond 1 year after HCT were related to chronic GVHD; however, no significant differences were seen in global QOL between patients with and without GVHD. Further longitudinal and cross-sectional studies are needed to assess QOL as an important outcome after reduced-intensity and nonmyeloablative allogeneic HCT in older patients.
Conclusions
Recent studies show that with reduced-intensity and nonmyeloablative conditioning regimens, allogeneic HCT can now be performed safely in patients up to 75 years of age, and therefore chronologic age itself (< 76 years of age) can no longer be considered a contraindication for this procedure. Best results are generally seen in patients undergoing transplant during first remission. Although randomized trials have not been performed, survival after allogeneic HCT in patients in first complete remission appears superior to what would be expected with chemotherapy for most categories of older patients with AML, although distinct subgroups (e.g., patients with normal karyotype and a single NPM1 mutation) may experience similar outcomes with standard combination chemotherapy. Similar results have been seen with matched related and unrelated donors, and therefore HLA typing should be obtained at diagnosis to determine donor availability. Alternative donor sources, such as cord blood, can be considered in the context of a clinical trial if an HLA-matched related or unrelated donor is not available. Comorbid conditions and performance status should be assessed when counseling patients about risks of treatment-related complications and NRM. Patients and their families should be carefully counseled about the potential development of chronic GVHD and the diminished QOL during the earlier posttransplant period. If the decision is made to delay transplant until first relapse, a careful monitoring plan should be established, but patients must also be informed about the reduced effectiveness of transplantation after first relapse. 
